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(54) LIGHTWEIGHT MATERIAL BONDED WITH PLASTIC. ITS MANUFACTURING METHOD. 

AND COMPOSITE MATERIAL USING THE SAME 

(57)Abstract 

PROBLEM TO BE SOLVED: To mass-produce a structural material with lightweight having a 
high strength and ductility, which is used for structural members of automobile such as chassis 
parts, etc., building industry and mechanical engineering. 

SOLUTION: The material contains lightweight fine particles (specifically mineral-based foamed 
fine particles) and an organic binder, where the volume percentage of lightweight fine particles 
is at least 50% and the components are bonded in a structurally dense state. The method 
comprises a process to introduce lightweight fine particles into a mold of product, optionally 
that to heat raw particles of lightweight fine particles, that to introduce a binder into the mold 
filled with lightweight fine granular bulk material, and that to solidify the binder. The composite 
material contains a core of lightweight material and a surface comprising steel, stainless steel, 
fiber laminate or plastic which surrounds completely or partly the core. 
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1 

(if *9 2 ] esw*©®Mffl*4f*©sas*5ii>% < 
ti>8Q%vi>z>ctzftmt?z. is*9 i (class© 

[1**9 3 ] l£Stt#©eSffl*i{*©£l§§#4>& < 
i€>9 0%-C*4C<!:*!t3F@!ti-rS. i**9 1 {CIBIS© 

saw. 

[i**94] ftBfntfctttf. ffiSittfrollIWtcS^ 
««iWf.) f ^Ci*Mtti, t**91*»6 3©t,> 

■m*>-9cctB*s©iiE**. 

[«*9 5 ] ^M*fflfe{*(DSe*i. 0 . 0 1 - 3 0 m 
m. M£L<itO. 0 4- 16 mm. #tt«£L<W: 
0. 2~8mmt$.5Ci^j|i-r$, i**9ia»e> 

[f**96] gfifflf£{*#S, 0. 040-0. 600 
kg/1 , L < «0. 040—0. 300kg/l 
©jg^gteiO* 1 5 %itm. $f£ L < «5 %*«£©gtffi 
Zfl^Z^TZttZmit-rZ. i»*9ia>65©l,> 
Tft*>-JSIK:ia$B©!gStt. 

[ 1**9 7 ] ^tt<DS«*fflli<*tS^*^»e«)tc;m-fi 
ScDgf^WTiCi^^tT-Ss §**91#>6 6©l,> 

rn*»-5iK:E«©««5t. 

[1**98] ««BISl«:*J2a»)©ttflt©S*irr* 

JWKtt^frfetesct^wifci-r*. 1***1 *>&e© 

[1**9 9 ] &*Sfflt4f*© 6 0-7 0 gS%*JAe » 

«DtM14WU 3 0-4 omm.%&'^2&(D%m:>km? 

fs. u*L<ttio§tj*jci*»im. i§*9 

[1**9111 >i^tb<D®&<omitj£?z>mm*m# 
n+tf* t #©&&©# cc js-r * ssttflStM^rafc ^ 

*98*>& 1 0©t»rtiJ&>— 3BKIB«©6*tt. 

[i**9 1 2 1 satnai** 5 3 a«j ©t4g©gf *£tf 
#Rtw*&&5 n$ai*>&6® 

[1*3*01 1 3 ] »tDtttitt?©a^Bf*s. **4^© 

< t *> 5 o gfi% t . £m&k©»#* 3 5 m 

TS. 1**91 2 tC52««©®Sl5f . 
tfl*9 1 4 ] *&g©gfi^)K{#B^©ifia#. * 
mL<D^M!LMteF-<Dm&<D 6 - 1 8 fg. 'PU<ti> 
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i2(sr-*<3. +«is©safflfi<*t4^©ias*i > /Mi 

S©Sfii{ffltt»teT©iSfI©6 - 1 8fg, wtti 
2{gT?*^Ci?:#©«!:-r^. 1**9 1 2 2 fet* 1 3 (C 

te*£©@fitt. 

[1**9 1 5 ] 4>tU£<9&KJR?seJUBttft&?- 

ttaw, t"tig©»«c)srssaiHB«i#«i^i*gg 

fc<tO : ^#fe©*!lffi©i¥«:S-r-2.Sfitfflf4tt*4^i©ra 
•5. 8**91 2*><E> 1 4©l>3**l*>— 9fCSB*S©&g 

tt. 

[i»*ai 6 j ««anft»*«. 4ao«±©ttK©* 
{m.>mm.oM^-vm.wfi o . 030- 

0. 1 5 0mm©l5H-C*i) . 3?CtlfSg± 2 0%© 

r f»*9 1 *>e> 6 ©<,»-rna>— 9ccfgjK©&g#. 
[1**9 1 7 ] gsaa&ffc**. r ** » v y - k 

-f Mtttb «fctf J§iJ©£BSIg{ i ffl^fc^f&frS 
CaO-S iOi - AI2 Os ©£g0*>6ft£S¥J:9 
3ttlSn*Ct41*«4'r4. I9*91*>6 1 6©t>-r 

9K*3*JtO«»t. 

[ i**9 1 8 ] mmmmwitr * 5 - *> j, * & « 
^-YK^hy^A-c*5ci;£«Fmfrs. i**9ia> 
e 1 6©i,»-rn*>-9«ciaK©eaw. 

[1**9 19] 2 «S£fctt^ftJil±©g«*fflti(**i 
30 5^1*618 iclB^©gSt-t. 

[ 1**9 2 0 ] emitfcAs&fli * tc imomsmun 
■ckzctzimfrz, f**9i*>e»i 6, 1 9©t,> 
Tn^-9(cia«E©^stt. 

[1**92 1 ] W&^'-f >#* 5 > «E«r14-c* 0 . 

1**9 1 1fih 2 0©t,»Tti3!^— 9(clBS©fifiW. 

[f»*92 2 ] *i^i!fbttW-C«.^C 
i^mi-rS. 1**92 HCiB»©@fitt. 

[1**92 3] Mnbtt4m#>. x**V<|}fli. 

•?Z>. 1**92 2tciBiS©SfiW. 
[ 1**9 2 4] mW U > pJffitt«*4T * ^> C 
i^Sti-T*. 1**92 1 tcSB*8©iia». 

[1**9 2 5 ] & nJMfe*m# ! , #yrsK. >J< V * 
U7^>. pvc, )j<yyH2^-^teJ: 

^& <t r ^ , 5**9 2 4 tct BStoesM. 

[f**92 6] Wi;q>Wi7Xhv-T*5C 
so <t^#®ti-r.S. 1**92 ltciB*S©6fiW. 
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[ff#3S27] x^Xhv-As, ^rfA, ?5M3A 
4f h . If mm 2 6 CCS E*R©&gtt. 

2 8 ] sneai* Mtmmmomimmmz a 
l a>6 2 7 cDi»-rn^-Ji(ciBtg(ogsw„ 

[ 2 9 ] f£Stt©-g|5©S?ffi $ W^ftfD^B 
ftSJSiJ©!**** ?./5:5Ci*«lit5. If 1 <=> 2 

[Sf5#13 0] iI45, JQ. 10 

[if5#93 1] iff* b< (iff sfcig 1*^62 8©(,>-f*l 

i£=iy £5c£{C * fctt3P##JtCHtraffi4 £^tf C 4 £ 
in>m 3 2 ] >SSt*#31Si|ffl&{*£ 5 5-9 0gl 

%^tyci^ja<b^s. n*m3 i 

fck 20 
[if 3 3 ] If ^ 1*>628 Jg«c§3 

ssira&w^ftii^fflMtc^A-r sis, 
ffi^ccgsffl&ftoM^-? *amw sis. 

#£#A-rsia. *s£vn a zi.mz 

[ fflm 3 4 ] £At^©l£Sito&f*£&t3<lC:fciJl 

« 4 -r s . it ^js 3 3 octets©^. 30 

[f#*S3 5 ] ^a©afffitt^'Jl/^W^^fiSc-r-5fcii6 
©^a-fe^^r, IBS. Jgifi. /ZtciZSkK. 
©EPMcJ:- 3 T3»#T£C££!f$©i-rS. ff*JI3 4 
fCl5tS©*& 

[ If mi 3 6 ] ftS-* X©g§*fflliM* £3SW b fc 
f&. 888. Jgft. ®#)S*JJ:0'/3erc«fl)3E©En})DKJ; 

g©^»itt*!fc«TSC4£!8®4-r.&. If^3 

[ff^3 7] ^'-f>^©^«4. JSW. 40 

■5. If*3S3 3*^6 3 6©i,^n*>— ^<ciets©^is. 

[If *«3 8 ] ^-C-«KC^Sft^^«7 a> h * 
4#®4-fS. If5j<»3 3A^63 7 ©^m^-JltcietR 

©7r£, 

[if*^3 9] — m&ffiM-t *t -?m? vis 

b&m*i-C*m$i\Zt£ZW&£?2>, If5}?^3 3^ 

p. 3 8©i>-f*i*>>— ^tciais©^ffi. 

[»3»«4 0] 5ttftBi)tcftai^M^P^i-r-5c4«r 50 
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«Httt2>, gffcftg 3 3 *> 6 3 9 OI,^h*>-I CClStt 
©7T&. 

[if*^4 i i mx.vimmcKm-rzmitmmMtii.ft 
^mm-hct^^ttz. if*ii3 3^e»4 o©u 
■ma>-«<cfa4s©:fr£. 

[lf*Jfi4 2 ] ini«l«SK:3»»rr4Wfc'<-r 

n^-ig«:iBK©^ffi. 

[if*JI4 3] »6la*«©llltMfc''OI/i»t**3T 
•5 . if 3 3 ifih 4 2 ©«<>^*>-iltcia«£©^o 

tfth 4 3 <D^-ftifr— ^ltClBt£©^ffi„ 

[if*«4 5 ] s-r^jLti^-^^Mife^snses 
nmisxMmmcmK s ti s =j r kjjij© s -r $ > 

•^^matSCi^ttl-i. if*Jg4 3*/ctt 
4 4 CCl2tg(D^& 

C If 4 6 ] if 4 5 0csa4S©*atc <fc "C fcrfc 
[0 00 1 ] 

ts. aiK. ^s©^fln^^t?t>©-c*o-ct.j; 

C>. 3 *J%?gt*. ^©SSj**Si*ffe^{cJ;SS 
[0 00 2] 

[ fi£*©tt&R ] £ < ©«ffi#» r-SfiM©fiJfflffi*5» * 
Ooo&S. eSj*SiS^4*©^jiSI5P^-CW. ^ 

t«,»-5. ski. oe/ci 1 ^moy^mm^c&.m 

StlX^Ztt, Ztl\tt¥t-<Dzf?Z*y 9XKHS&&X 
[0 00 3] 

iftWtfmvkLx^ttzpfm] ?7 sat mm. 
*a-cBttc»tm*«jft-r s c 4 im^sm^^rc 

C©tg^. 7'-7^^7i'«:^a-^«c4'©7^-7 

»f Wif4©i^2m©se-c*sfc» > 7"^^5 i vi'4«B 

[0 00 4] $^>(C. l>t)Di5ip$;i'aX7x7Aif. 

& 5 terns? Z C 
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%*«4i^ffi*rr*4. ifc*-9t, f#e>ftfd&s 

»OBf < , C<E><£ 5 6WX«l*l!JB U 

tit. ^M^^rtiig^^ss^e^pao^^ io 

[ooo5] ufc**«*r. twfi»«c*ft*tferttft<* 
^Stf*c£**rrtc^£ft-ci>£. eftit^oT, 

Wf4K^£ ft* /^^^ *<Dg£ 5 0 

/eft £i > r L/ frmm ?Z>ctft~c$rj;i> 9 20 
[0 00 6] b3^b«c^6, tfcfc&ftj-cw:, tctTLtem- 

#fi<££/c#>r&*. 

[0007] c ©j: ^ mmtbtcuwtmt y 
b$ic im>rj flpx«5ffl^®<0TflHccffii!i*sjgflE3n. 

[0 008 ] ^x^^^(Df^bD(cS^JS«: 
X»«iUr<D**JflapJ«-C*S. CCDj:5A^{fc^5^ 40 

ST^£±ccnx hlTe&£/c#>, @tt*©*»:teJ:tx 

[0 00 9] U/c#oT> SJBffir© 
]Bl»H* (»K:5!ttteJ:cXBtt©J«S) *»fcU $6 

ifi^Bi (stationary traffic me 

a n s ) **vmm+mfc¥tj:£<Dm<Dmi&i>&t 50 
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ft*. 

[0010] 

Wtt#<cJ:^rafiESti&. coasts «St**<D 

[001 1 ] »* U < tt, *»WtcJ:46*«tt. ^fi 
«HM**d>tt < t fc 8 0 SM% . mctft L < tt^tt < 

»-T 5*r«tt A*«t«tffc&5^I*S«c ft ^ ft:. 

[0012] mmmmumwu>^commcmmm 
[0013] *»w©«»r(Dtt«3BBti», MBHfcc* 

RWKSKOtt^r*^, -eo&glSO. 0 1-30ra 
m % «£U<«:0. 0 4-16miiK »te»*l/<tt 
0. 2 — 8 mmT?£>6 0 

[0014] *»KK:<fc-5ea»cD!HFtt4»SCC«, e 

«cfc©r*-)tt«i:i* ccoit, flnx^i©t#en/c 
mmm&n < < & r o * 5 <D%-t>tf 

<b, ^<«ft»^fc«KM©«fttt/^i/^tt^jjnx 
cc v ^©B«B(K#trtt»ix«F (#cc»x^©^- 

[0 0 1 5] **WK<fc4«|4tt«B«*0. 04 0k 

6 00 kg/lt»5. »*L<tt. 
K«0. 3 00 kg/iaTt*S. *©«ffi<DB83ft^ 
7L*tt 1 5 »*0<«5%*j«-C*>S. 

[0016] SSfflfili, ffiBB«ft*^tffc©-C*-5T 

S*L/-C1%-1 0%<DfQffliffi:l^©T*^r^J:l^ 

fiT-cc fogs * -c / < -r > ^«a*r ^ 1 1% it e ft * 
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*<DPnmictEfcztiz>. s etc, t4^tc«:?iccm 

tt#?K80/cBPI|jSl£?l* (closed volume 

porosity) fc*> S 0 -HfiK?U*S£>T/h£ 
<> ita-Ctta<D1f-f XCD1/1 0*S8 % »*L<«1 
/5 O^mv&Z. &IC % 0. 2 mm«T©85H 

[0017] *5eW6CtetirS8* Ulr*fi«)TKO^«af 

[ooi8] #ttT-©*-Y x*6©-rn«:»-r*Bftcc 

oi»TWt % fig(7)g¥ (grainsize g-rou 

p) r^i-0*5i«,a<i»^Tt^r*5c 

Bffl*sS*r»< (4-5mm, 2-3mmW), 

itnaac&ftt). 30 

[ 0 0 1 9 ] b < 5*. ffi^®S*ffll4^*fg^Cc <fc 

tt^tri^. 40 
[0020] wpfreoe^oa^msaw*!* 
ea©±4%T*ntf> xi^aiAK^iijAsti. ±8 

«a**± 1 0%^xSiS^r^^*s^L^6ti 

±8%, »*b<tt±4%<0ffflte**»?BKJ:4efi» 
[0 0 2 1 ] *%yj(C Atitf , 3fe»»©»«#BWr3fc 
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<o\t. m&ffi±9»(omKim (kit. — *tw-4w 

^) £^#< <ht>6 0^S%, *f£0<«^&< <h&7 
06-12^ *ff*L/<tt*tt<tt 10fgfC«i««^ 

[0022] 3fc**fi[ccst-ras«*se«>riRL/c>» 
a» <b tpm&oiwtKffl* t <omm<o^ a & one 

1 8{& % »* L < « 1 2fSr**fflMBS<DJB^»W» 
[0 02 3] 3*>CC 48»)6l±©tttt (-«tt^ - 
^ifflttt.J:^o HSO. 03-0. 15mm® 

[002 4] *»»«c «fcft«. ttfWMK>ll&«eBfl 
aO-Si0 2 -Al 2 0 3 tC^Jl®fb^^:ttlA/ct>C» 

[0025] agHB-ri):* i^{br;i/^^^A 0 

0%A 1 2 0 3 ) , TfrtfVisVir- b (ft^Cl 0 0% 

tttm«coi*rtt. F^^WKUiKtltDE 199 0 
9 0 7 7. 7-9Ki¥«l(cttM3nrt»-&. 
[0 02 6 ] CtiCCffi^r&ttWXMUWttaWi* 1 6 
mmOtftSrifr)RSn"C*$D, KeraG.las, Ke 
raBims, KeraPlus, KeraLigh 
t. Poraver, Liaver^ Li apor, L 
e c atecfcO'H ol 1 ov Spheres T££<b&m 

[0027] £6cc, maamttf). aM^mnm^m 



(6) 



^(sub-grains) <h#ffl k 

<om *m zct # pmr & * . 
too28] mm^mumm^ ^m^m^tc^m 

ts&zc tcoxzz mi&grjimcDi&i, ^tt^n*5 ct u v 

uxmm?z><Dx$>ti&£Lmm<Dtp^A7 ^Ttm^m 20 

[0029] mm'H>¥dcj:->x%k 
mmmm±z&&L, aitfsoi id body) 

?(,c^x{*, mmxztcim&tkx. Miit, $> 
-si^^^iLT, mmsmitmArzzt&x' 

fc*ffife?^<mm?ht*£<Dmw*m9LX, mtztc 
&mm $^ci # vjmx$> * . 30 

[0 0 30] lO(DSU6)BSSCcJ:ntf, aV>^ 
Bf*ttr««lBlttK:»»nu, Ch*WKS« (liqu 

id state of aggregation)^ 
KftU fltefcjrortt. #£<2ttKlc^TS£r^;b 

3*. ^it^@t^ fl mm. c©m 

[003 1 ] 3*?*tt»aitt/W>y(0 9%--«** 
[0 03 2]»lft/^>jriuttt 1 

cc. #»;r$K, ^'Jtu?^, *»jx^u>, pv 

SEttttt* Wfljr * * C <fc tfW 6 r> tc m 

[0 03 3 ] 3*>0C, x.^^ h-7-£^v>#£ urw 
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[003 4] HttK % ^ttftrtft^^^^ 4 > 0 fell 

-ji i p a 6 7 7^ ^ i^^i L/tfflt^, mm 

£©^S*#»»k: J: 6 
(deflection roller) &^le 

[0036] Hmtjimmto%L±^<t>#t%miR-rz>c 
tx&mw<Dsmz$£?L. zti^rxommcttcmzti 
z&m&icGfr&xm&z&zct&njmx&z. 

^Hje>^tc^^TC^ 0 — ?C<b^tfPA6CD^C[^ 
H3Dj6^7^^-^Sttm 7. 5N/mm 2 W 
fciiL«8Xa£©BBB(ctB^L/. tt©IBW>lr»K e r a 
B i msr*(i7tlISS5 0%r^^i 2. 5N/m 
m 2 . &tfi$*m&<D*£2<»K eraPlu s Xtet)? 

5 N/mm 2 r&*. t'^SStffl&^SJRT^^ 
CCJ;or, ffifiRSffi*— K6 7%iStf>, SiJcD£#&C8 0 

%TCf&c£#pJfflrc*£. 4-x<DZ<<7'<DMmtcto\,> 
OfKEISSErftS. 

[0037] &tt, ^miiz^zmmtizmmffifrbfr 
xmmmmxfo 1/10 <h@#>r<g< , 

[003 8] fciill @S;fflt4: ^^X^>>^CD«S 
: 1 0r**fci6, JpX««cft*ti4««tttt 
C0S^8 0SS%, V^Ts^v t>^J>#<DMfr2 OS 

0 O%r»DX^^0fiSL/cli^^ 1 0 

0. 8X1+0. 2X10 = 0. 8 + 2. 0 = 2. 8t 

^>* 0 Ctltt, ^Jfe«CD»]X^r(i. 

C £ rttfBfNR (volume formation) 

ax vtfii 2%*rgii«sn*cib*»*r*. 
R£97%£r^tf>, v'^Ts+v ^<7>a^3%*r«e> 

&t£#pJter&Sc 

[0 0 3 9 ] flDX4»©*«3M*jft98«c J: o r 5 6K:HiJ« 
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[0 040 ] fctxti ±5&LtcM-e&. it»ffi 
fiitnog/K ^^^v^tmoigatti i oo 

l : ior$)^ 0 cowrtt, #»9jicj:4-toxtt<Dfi 

<*: o r» h n £ S«&r ssttS»*r * s . 
[0 042] a**«:i^r»<^*fc©r*4±ia© 

Ctl6<D2OCD*fj£^ifSS0CCtf ^CitttS 20 
[0 043] *ro#»<Dt®tf&tC <h o Tttg < C £ 

«^tt«» (crash absorber) <fc Itffl 

^™mmmc£r>x&j&$ftttftmfoft* i &ffl 

[0 044] *«Hfc: J:*itf % ?EW»<DRH-*«f88«CJB 

TZOtCfttcMLX^Z. 40 
[0 04 5]fci*«, KWcfeC»T % **W«cJ:*flP 

**»o±»**K«>*c so 
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[0046] ft«cc. «@l«c*tr *«BWO*»WK: J: 

fi«*^««5**»SaWi*OT«cfiM*r4ftl!ft«i:fll 

[0047] EU Commission for V 
ehicle Safety (EEVC) "CCDftlgCCj: 

fl©±<t#>* ? h<DT<c*»U F ©EMBUS* 
w* % h±&Z&mtxmi&is. r«,>j ika 

[0 04 8] *»^<0««tt*COcfc^«ct5t*4<!:ly'CM 

[0 049] *»IB<0$6«:ffi<DffljfttC % 7U-A t 1$ 
[0 05 0] 3 6(C. 5»J», SSBffitfL * + 

[005 1] »W«c ct *««*»W»WIB^fi< *JBtfi 

ttocr<-n5/cs6, mmmnxofmicbmisXto*). 

SteW?-?? ^(subdecking) te£<DMm 
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[0052] himommt, m&viRXDm * 

fit*© $ f> &Cflfe©J&5> tVCmLX^&CttfWhiMC 

[0053] ^ISB^offiogpgilJ. *r£KcS£tm£tt 

6>ttS (*f*l/<«±Jfil/A:6«*t'P«JSSti«) 37 
£. *^>U*i8. 7T^^^5*-h*fctt7'v 10 
9. 3T*^tc*/c«gP^WK:Htf« 

ffi£*^tf. 

[0054] *d&*vc<,»4J:5k:. lsgfcix-enfeU: 
mvm.ifi&m*s& vm»8& t «g& £ c £ tc <t s & 

Jt^itb^-C 1 00{£igt->. 3 6(C, 7 , 9X^^i7«2 
0 0*CJ:9 b&^U&XBmStl. #*Pi*ti££m 0 
%*T-CDiRji>&^T 0 C<DJ:-5^M*0<%^#ticD/c 20 
*K. £ft©«£ttsft©[£ffl*5PK£$n£. 
[0 055] &^©^£ttf4£tt**MlflCC. tttWlt «fc 

tt**SSW*K 55-9 0$l%-C*5tl^(Ctt, &J& 
[0056] S 6tC. &SiWfi©*ti*&«#s 55-90 
6 0-C-CPA6*aMt--5><!:. 6%©JRffi#l£tn;*n& 

a*. *iiaffl&©;£iK2g&£7 0iga%£-rs£. o. 5 

[0057] *:^tc i€,a^i4(i^< 

t'ltm u tt 1 ^cs?). kit a, {L(om^\t&M y'a-k x©& 

njtt-c*a. cntcj^r. 3* h bim-c#& 
mixfi< . s?@B#p^^ 10-2 4B$p^e»^fc^«i 

£©*a£tl-e{i i; #>xr£mttWZ8>m? -5 c £ A^sm 

[0058] ##sbjj(c «fc^sa^i!!ji-r^^fifei*j£tT 

(cJ:-o-CW. 6a<0|fflf4«-'Ol/i7lit?:ttB»l/, &a©*ffl 

[0059] *aa^s««K*aias-r *fc»cc. sa©* 
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[0 060] efttCiSLTH-BCDW^ fc£^.«. 
ftEE*A:BilBE*f«Jffl-r4C<fC*S. Cft6©:fri££ 

[006 1] **iS&©gfi*iti <-&t£f ) tctor 

mi^m^m*) mr. -'X%tf-*m^z>t. c©y 

[0062] sacD*fflfe^->vi/i'«^^-r^fc*©7- 
cnz x zmtb-cmmfrr)]Emc e stnb-e# set *e> 

6. -r^fc%»nx!B5ffl^rta5fe({+©£c^T\ ^a© 
r-sa*ffl^ ; SrSe.'a-T*i< c±*sr-#-6„ cnic«fcor 

[0063] saiffltft*s«ka t ^-<>f 

(filling front) a^IMKiftffStlS 
<fc 5 KB«it4©«Eft*iMM- 5Ct WS(t* 

[0064] *Pdr-(i, A > ^©**^affll4J: "3 <> 

> ^atASi^J — KliSEEStJ U X U £ C £ {*^ftcmS-C* ^„ 

[ o o 6 5 ] <it* l < *m©3£«irKflnx^ffl^ 
te j:^/* /ct*@a*ffls*>-«fca c /'*fc«/w > ^ *mm 

[0 066] 

[»w©**ojim8] v.T<ot&wic*s^xmm-rz>mm 

^»«?©X#e ic A # ^I4T-©S¥^^T. 
[0 06 7] *«WtC JWT©5t«B5a^^3 



(9) 



15 



#gg 2 0 0 2 
16 
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1 . (— ^xti^) 6 6 % 

&gfil£ift*±6% 

2. i. <om^tmmci)\ sect 8 6% 

3. 2. <D^£|5j*£/c:a\ 9 4% 
-MiL+V-J XO1/100 &T<DH#&^*<£/B, 

[0 06 8] *ftWlc£tltt, 2 

£\ Z<D=&n3 L lZ~W&+<D 1/6-1/18 

[0069]7 7 ^^-l/l 0CC<£*liS<ffi$4cr>t§ 



1. 6 6%P-fi^ 

2. 6 6%P-f5T+ 2 0%S 

3. 6 6%P-t5^+2 0%S-t4 J P + 
8%T-fe^ 

3 etc co^n-fe^^eg^tiT-cc^-or^urt J: 20* 
[0 0 7 0 ] &mtt<D$MtCt oT«3EWK:«Rtt^<t 

SUB Jb» S^T* £ C <b im h ft X I > i 8m«*4 



10* £\ :to<fctfttK#l 2mm, 1. 2mm*J«tO f O. 12 
jfi CC <fc o T «T<D**«S**» 6 tl 5 o 

6 6%?t«+3 4 0 /o7 7Xf * 

8 6%5fc*S + 1 4%y'?X*vt> 

9 4%29K+6%^*^^ 



[0071] ox % $mm&fo<Di&®mtto£v 

tci><DX'$>Z>1)K C<Dffim*Z<Dm&X'<D 5 ! L %)mx$> 
HOg/K :50g/ 
1,^****1, lOOg/K «S:»1DM 
1. 00/K 77X^7^DM1 0. 0 0 0/1. 

[0 07 2] 

[311] 









(DM/I) 


1. 


447 


407 


4.06 


2. 


249 


197 


2.26 


3. 


169 


113 


1.54 



[oo73]cct, «e>r**tt— 3ctt-^*5j:^r^ 

3%, fflgO. lkg/l*«, tttSWDMl. 0 0/ 

AO 

[0075] xznmtfvmmzm i*M3 
^c^*r. h 1 «\ -^tiT- 1 t^m^xn 

mtm<D%m* . * ffi * KM » £ fc tt««M >— 



&x*& 0 -w&^mvg.mte ct — fctt^ l—xml* 

[0 07 6] gSffl&CDi* 6Cc«ft?E«»*H2 fcJrtf 
S3CC^To C*Ut, -MT-li, -&&^2<t. = 

LT, -^ISiF2rafc<J:0-^^2 b-*!K%tf- 1 £<D 
HI tc JgiS 3 tir c ^ 5 £l£G£ H^fit-T- 3 AOS* s nr t > 

[0 07 7 ] — :X»^4B<fc V-^Ctt^&tti^. £>5 
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[oo78] a^cD^if-c«, tctztt. 

tO 0 7 9 ]H4tt. C<DJ:^&ll^BHB*r*a«*© 

tc^SftSJ:^ CtilJ, ?^>^5£:$^K:J:& 
i&fitf 6 #> 6 ft £ £ & PHB £ fcM©fc<D* 
~ffi4&ci:^r{1^l^t£ft4>or&£ 0 *>4l>«, 

[0 08 1 ] ttK7t*» ««Bt4*fiP^r 1**1^(0 
CcttaSBH^ 8-12 mm©e*ffl«L4?6»TS 

&^<t0. 5-0. 6mmC«1^64SI*tl^i 

W*»i>sc&t* i^re&ntf. ?is*ititt^«®i 
i o o 8 3 ] cod: ^ \c % ftmm&±n*momm*g. 

* * c £ r ffittttK**»& o *«cc«»r * £ c t #b 

•C, 2**Sfla<D*frT*T?* <cr 

e e p path) OJKj^*r^*TCCr * i; -^«r 

ifOBtt $ -Cfi^-C * i I » 9 ^JttttOlWft i ft * © 
T % ^©W0c^U-^coft^^^x^^^*jj:cX5^S^ 
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[0 08 4] 3 6«i. #JMfllcj:aestt*ffit>St:<b 
t^*fc«iSit^sct^W2sf>rpjfiBccft^ri^ 0 c 

[0 08 5] *#fe^tCj:5ea*t(Dx*jU¥lRJRK:J:o 

*^qgcc £ s tm* ffi c>r c ti h <om mm ©gt a - ;u 

(buckling) «c*tT 4^©ffi-caK©« 

»*jj:af«^*s-r c <b«fti^. 

[0 08 6] KSffl©a-;b 

tiriifti>TfjSS©a— ;w*— i 2*s%urc*a. cav* 
2*7n0"c^4. ecru, i^&m&m 

^© (^jS"CfiJffl3*irt^*)(Dft^fe^O) ft<b*<DH 

ftl»^ x^^^5RjR-r^Ci^€fftC» 0 
iittttrKILfcrf-Fu-^ Tft 

^ ^ x ^ ^«JR t i c > 5 =&*7J«t> 



19 

ftft *PffrffLH3rccmrsc&A>?nfrc*&. 

3£tC> C©#- FU--rt/ttfi?ffifflW^^S:teCXrc^ 

[0 08 9] 3 6CC. BIOS, /OoaSPFTSrTSL/ 
*£<DffilB tc«»n K J: 6 #5fctt 3 *VC I » * . 

3nTl>£/cifr*«JI!K:«J:S F7*J«l»f«:fitSC<b 

fetti^ 3 esc, j^ec»r*««tt«>**3*i*. 
[ o o 9 o ] m i i m&mftKmz.xmt&K.zt'rz 

*»cci9o/c»^ Htel/n^^y h^*»<Dffi<DBa 20 

c ire 5 L/cc t«c J: sSS^6*tf#*« 
[009 l]Hl2tt, *«HJJK«fcSe*tt#^M3*i 

U-Vj*ZA><Ois*)\,2\ x 2 2-Ctit/£3*ir<r>£ 0 ffi 

0 <oitJffi©£gB»c J: o rtt^Wiff <^ri*» bo 

[0 09 2] JcJWfK 

ft «/|NS < U [S]B#{cS/^^gt5p D oCOmS^:@ 

SI 2lCtt, #^(Ccfc-pTRia2 4*>6HS» 
6 L/ tcis + ^>gp D D p(D^ a -{ > h SP2 3 4>^3 ftX 

[oo 9 3 ] h 1 3(t. b«mum*>* » h (D-mmm 

fcSoJffitt^iBl»»BFf*3*O^HlA. B. Ct'^lt 
fcEPAtt. W»«:a@rrsi r«,»j ffiia^ (r 
esistance)i UTlMMtt&lVtt&OftS 

^y-coffigj&^urc^. 3e>tc, ^epcw\ 

» ec ct & IS c >}£tn^ # a £ . 50 
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[0094] COJ: 9Q4i3QcftimH«8nkr«ft:tt 
tt. Ml 4ft>6Bl 7 *»IB*ffli,>k#>*irFO 

[0 09 5] * htctt, BEttaiK©ei^9HS© 

2 eoJi^^x^>^3>x f 9 * f 2 7©± 

3~6mm©ttHT\ *ftgjcc J: < ®SJTC 

h 2 3 d:7x>^2 4 i©m©^tt€f8R»* 
x*^5frftS2 2*^ffl^TfrcSitL/cO, SfcltthS 

fcfiffiss* 1 1* <d & « ffl c > r rh-t 4ci #njtB i tt 5 
A3n«cD«wn^r&. 3 6ic v *fmic£mx % se* 

[0 0961 ^18^ @S6mB5g(5©^U-A^f((2 9 

tiffflrJyO^-3 2*5»^3n, 3 6^cel!J^©Ha«©g^5 , 
np^f#3ti-Cl>^ 0 x>^>i:^)T©^ U-ao^3 

#J3ft£ 0 HI 8 0^EnD«KRIMiK«:^Uri^. » 

[0 09 71019^ **IB«:J:SS«l5f6%Wr& 
**<DJ:5«:Lr»|»Ufc***LfcH-C*S. 02 0 

^3tifc««0»l«^635c-5. *«B«)«l4*«Wr* 
»£ficft m»l£®3 4«, ^R*3rt«y^^^. y ^|j 
OSl^tS^x ^(connected shell) 

3 5*5^^3 6 <b, *9mtc*&mmtt6<D*Ttvm 
^3n5o 
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[0099]^22lt tE*©>0©HH3 7&SLT 

c <t was shti^i ^ * f * - a tcffifi- 

<m^r&£ Q gl2 2t* 4 ^A-fc7-39, B-t* 10 

[0 1001H2 4W, X^^ffl7»)>r>^0(7) 
*fti&Ti3\ 7J^-^A7 U-A<7)T£S^4. 5kg$> 20 

5kgil^71/-AM^0. 9 9kg$ri6TC 
[0101] i25lt ^#fflCDn>^«;- hM#?:^ 

M**6j&>6tt*EI— »<D-7U- h 4 7 fCt2£9ttt£?B 

[0 102] 3^)^ 126, ^27, i2 8(t J£t§ 

4H7U-A4 9i«|*tt(sol id wo 40 
od) 5 0OSii-CM$tiri^ D COffittSBtf 
2 0. 4kgT$>K>. -*m*2. 5 7X0. 6 1ran 
4. 

[0 103] B2 8». J:i«f»Tff 

C©«(DS««t>T^7. 6kgt*4. 
&*&T tc 0 0 ft: 0 T £ RS© A*«c J: 4 ftflgftStf 

^2/3(C«c&C^rf|pj||^S(CttO. T-b>^Ufe 50 
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[ 0 1 0 4 ] fetT, *!M®BBflHttm£ffll>TWi 
?Jtttt«ifttcoi>T. 2fllO<DttKOB<DW«:fl9(r»T» 

Sa^^vSfflfi : fig 5 - 6 m m ± 4 %(D-9$&* 
tt»%9Bttllltt:ttao. 4-0. 5mm±4X©I* 

[0105] if, 3 6(CfffigT*Ci3Q:<IKW— actft 
^£K0/cRiS:&£> (</>8 Oram, HS4 0 0inni l 

2. o »; ^ hjutffis) ©5«saraHn<c3iE»Lfc. — 

^<Dgffifi(i6 4. 15%t*&-o/c 0 JBBi#rR«*a 
^Jg^3liij3-t±-2>ci(cJ:or, ^iM^6 8. 5 0% 

[0106] auc, jR»-^tt^*ff«i*"rn«^io 

^JBHPfC3fe*0fc. -*e^g»t«2 2. 5 0 
% k 3B»BJIBB:5. 1^-C*o/Co JJ«C, WS2 . 15 
^a^9HH**tfoT*1IUI*2 4. 5 0%iU it 
EE ( 1 5 0 P a ) <DitmTX2 . 1 5 ftmfrttTSm 
^2 4. 48^S%&CL/c e S»jH6i«iE{Cj:-5ffiffl 

c<DJLmx'tmmm&&KVK&$tizc±tcrj; 

[0107] m^x , ^swrj^Hfii^* i 5 o °C£ r 
MRU /W*t*«©:/*x* (JStSSJS 
13 0X) il-Ci([ftflE»r*«PA6 (ttg3-5m 
Pa, ?a4{fc8mt<MI*fft) ^«L/Co CCW, 

tc*>. /^>^©Sffllttl3. 3 5%r^^/co 2 

2. 15^Ktfo/c, cn^Ccfc^-C, §^M7. 0%# 

CCttjAfc,, C©^Dt^*2. 1 O^fflfr SfR 

[0108] c©± 5ccLrf#/c«*4©ttf4K:J3^*ffl 

0. 4 1 g/cm 8 
ffiHSSSffi : 2 %EEITr 9 N/mm 2 

1 0^ff»T4 0N/mm 2 

[ 0 1 0 9 ] l\M<Dtc&>lC, H*©^X^^>#(P 
A6) ©«f4r»6n*fl«:«T«:^T. 
«|BS: 1. 13g/cm 3 

: 2 %BE«rr 5 N/mm 2 
1 0 %£E*6T? 3 8 N/mm 2 
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[0 1 ] -X&J-toJ:V--,Xfo*%^ts*milc < ):Zif£ 
St*©HffiW&1*j§*m-r0-C*S. 
[0 2] -v#MT. --m.*. ='Xt<L3-Z$ts*%iWlC 

[0 3] 0 2 {C^-&ffltt©ffi*»rH0-C <&■*>,, 
[04] *«WJcJ;4««««:J:-5-rH]S3*iSfB^|| 

[05] ^W*4cc-?tir<D. isJrOTSfK 

[06] &WlMm<D'&%:<OCi-fr;'i~%:^-?m-e&Z>. 
[07] *^WtcJ:5Sfi**4ffll>TSJjfi3txfciStia 
ffl© a - jit*- ifjk-f mx- h i> . 
[08 ] &3fc©#- k v-)^7ntmx'&i>. 

[0 9] *»M«:j:*e»W*ffl<,»t:iBS3*ifc^- H" 
l — ;l/*ar*-0-C&S. 

^aJFr^T0-C$>^ = 

[011] #2£9IJK££gfitt£^>T§S!jg;**i;fc*-Y 
— H/ * fi - *m-f m T * & . 

[012] *^K:J:S®fiW5:fflt>-Ci5!3S$*a?ca«ti 

[013] h£^-t0-e*s„ 
[014] *&w<<c£z>&mtti:m^xmmztxtc&wi 

[0 1 5 ] 0 1 4tc^-ftf>* h©*££©®?r;&S&#* 
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[0 1 6 ] 0 1 4K7jrf/K>* » h©#£©®B>r£S|5# 
[0 1 7 ] 0 1 4CC^-r*>* v K0«je©tt»f*»» 

[018] vmoMmy u-A<D-y is-&¥mz™?m 

[019] *!69i« J:Sft«st*ffiC»r«JISti/c»W 

io [02 o ] att*©*#jgffi*7F-r0-c*5. 

[02 i ] 4cA«(cj:«e»t«»c»-cHSsnfcSib 

[02 2] *^(c,t^ffl«*fflorMii$n/c^*> 

©ffliMSr^^-C* £ . 

[02 3 ] 02 2<t^T^>ffl©}^raa£m-r0-c& 

S. 

[02 4] #f£K(cJ:SMM£ffi^Ttiig3n;fcS$£ 
^©7 U- A£jnT0T£>&„ 

[02 5] *&W(,t<i:m&tt*:m^xmMZtitc^> 

20 ^ y- ng£7n-r0T&s„ 

[02 6] 4^WKJ:S««t*fflC>rttasnfc£« 
tt*4©-8B*^-T0-C*5. 

[02 7] *«W«cj:56»tt*fflt»rWt3fifcS*i 
[02 8] 4^fcJ:MUm%JBCvcltt$ftfcfi*l 



[0i ] 



[02] 



[03] 



[016] 




[06] 



SI 



//■ 

■7/ 

/ t 
f 



77, 



?; 



// 



[07] 




77777, 



7> 



7777, 
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[SI 0] 
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126] 
G 



H 



V" f 

j! 



[HfflBJJMSlSffll^lBH (200 1. 1 1. 
15) 

C^ffilE 1 1 

[^IE*f3Ufg«] 0 08 1 
[ffilErtS] 

[0 08 1 ] tt*§t7te. ^Mlffl^^*n^ri^j:c^^^ 
£ 0 ffl^8itb«bT, CCCttEi^e>^5c«^* 



C^«liE2] 

[»jE«*3BB«] 008 2 

[0 08 2]«rf*CC> 5-6mm(Dl4T-af^6^5— & 

»*fflc**c<fc-c % estntft^n^ 



(51) Int. CI / 

C 0 4 B 16/06 
20/00 

26/32 

C 0 8 K 7/02 
7A6 

C 0 8 L 101/00 
// C 0 4 B 111:40 



F I 

C 0 4 B 20/00 
26/32 

C 0 8 K 7/02 
7/16 

C 0 8 L 101/00 
C 0 4 B 111:40 
B 2 8 B 1/08 



7-TJ-K (##) 



A 
B 



A (#3*) 4F100 AA17A AA19A AA20A AB03B 
AB03C AB04B AB04C /KOOA 
AK01A AKOIB AKOIC AK03A 
AK07A AK15A AK23A AK33A 
AK44A AK46A AK51A AK52A 
AK53A AL09A ANOIA AN02A 
APIOB APIOC BA02 BA03 
BAIOB BAIOC BA42A BA44A 
CA23A DD32 DEOIA DCOIA 
D301A GB07 GB32 JA13A 
JB13A JB16A JL03 YYOOA 
43002 ACOll AC021 BBOOl BC021 
BD031 CBOOl CC031 CD001 
CFOOl CF031 CF211 CK021 
CLOOl CP031 DA066 DB006 
DE146 DJ016 FA047 FA086 
FD016 FD017 GFOO GLOO 
GLOl GNOO 



